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(0 06be,llHIft:'IIHblil HIICTHTYT ft,lll'PHbIX HCCneJlOaaHHH JlyOHa, 1983. 

B HaCTOR~ee epeMR 3Ha~HTenbH~~ HHTepec B~3~Ba~T TeopeTH~ec 

KHe HccneAoeaHHR HenHHe~H~X noeepXHOCTHYX nonRpHTDHOB Ha rpa

HH4e pa3Aena ABYX cpeA, B cny~ae , KorAa OAHH 1013 ABYX AH3neKT
PHKDB. HaXOAR~HXCR B KOHTaKTe no Bce~ nOBepxHOCTH , on TH~eCKH 

OAHOOCH~~, VI xapaKTepH3yeTcR AHa rOHanbH~M AVl3neKTpH~eCKHM 
Te H30POM/ 1- 3/: 
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B pa60Te /4/ paCCMOTpeHbI ceO~CTBa P -nonRpH30BaHHbix CHnbHO 

HenHHeMHblx nOBepxHOCTHbiX nOllRpHTOHOB, B03HHKa~Hx Ha rpaHH4e 
pa3Aena ABYX cpeA. OAHa 1013 KOTOPblX 06naAaeT AH3neKTpH~eCKHM 
TeH30pOM nma 
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/5-7/ " B pa60Tax nOlly~eHbI T04H~e peweHHR ypasHeHHH HaKCBenna, 
KOTopble onHCblBa~T cnoco6b1 pacnpOCTpaHeHI-1f1 p -nOnRpl.130BaHHblx 
HenHHeHH~X nOBepxHOCTH~X nOllRpHTOHOB H p -nOIlRpH30saHHblx HeIlH
He~HblX CBR3aHH~X BOIlH nOllRpHTOHOB B TpexcnOHHOH CTPYKType C reo 
MeTpHR",,1-1 nma: 

a/ H30TponHaR AH3neKTpH~ecKaA cpeAa - onTH4eCKH IlI-1HeHHaR 
nIlaCHIHKa - Onn-14eCKIo1H OAHOOCHblI1 HeJ1HHe~HblH KDHcTanIl, AVl3J1eKT
pH4ecKHe CBO~CTBa KOTOpO~ onVlC~Ba~TCR TeH 30pOM /1/ . 

6/ AH3IleKTpVl4ecKaR cpeAa - onTH4eCKH OAHOOCHaA HeIlHHeHHaR 
nnaCTHHKa, AH3IleKTpH4eCKHe CBOHCTBa KOTOPOH onHCblBa~TCR reH30
POM /1/ - llHHeHHblH H30TponHblM KpVlCTann . 

HeAaBHo B pa60Tax /8,9/ npeACKa3b1BaJlOCb c~eCTBOBaHHe 6101
cTa6HnbHblx COCTORHHH s-nOIlApH30saHHblX HeJlHHeHHblX nOBepXHOCT
HbiX nOJlApHTOHOB B cHMMeTpH4HoH CIlOHCTOH CTpYKType, CocToR~eH 
Vl3 cnOR TOJl~HHOH d C nHHeHHo~ AVl3J1eKTpH4ecKo~ npOHHuaeMOCTb~ 
(1 • rpaH~4a~e~ C ABYX CTOpOH C Henl.1HeHHOH cpeAO~, xapaKTepH3ye

MO~ A~aroHaIlbHblM AH3neKTpl-14eCKHM TeH30poM 1~ .. _... 
t \. "/ .I ~ I 
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B pafioTe /SI 6~flO nOKaaaHO, 4 TO B Cfl Y4ae CHMMeTpH4 HOH MOA~ 

np~ a > 0 /CaMO$OKYCHpy~aR c peAa l AflR HeKOTOp~X a Ha 4eHHH 


napa Me Tpa a _ ~ > a c I A - Afl&.1 Ha BOllHbI/ 3aS&.1CI<1MOCTb nOTOKa 3Hep

n H1 P OT nOCTORHHOH pacnpOCTpaHeH&.1R n. ~ k RSI1Re TCR N -ofipaa 
W 

HOH, T. e . ¢H1KCHpoeaHHOMY 3Ha4eH&.11O nOTOKa 3Hepr&.1&.1 P COOTseT

CTSYIOT ABa YCTOH4HB~X aHa4eHH R nOCTORH HOH pacnpocTpaHeHHR n. 


B pafiOTe/ 9 / nOKaaaHO, 4TO np&.1 yeel1&.14eHH&.1 fieapaaMepHoro n a 

paMeTpa a. ~ BeTB b aHTHCHMMeTpl.14HOH MOAb! TaK)f(e CTaHOBI.1TCR 
~ 

N -ofipaaHoH. HeAaBHO B pafiOTe/ IOI Mbi Io1CCl1eAOeal11.1 pacnpocTpaHe 
H&.1e p - n0I1Rp&.130BaHHblX HeI1I<1HeHH~X noeepXHOCTHb!X n011Rp&.1TOHOB

/B/B CHMMeTpH4HOH Cl10HCTOH CT PYKType, TaKOH )f(e, Ka K a . Mbi 06Ha
PY)f(&.111H fiHCTa6&.1l1bH~e COC TORHHR KaK A11R CHMMeTpH4HOH, TaK H AI1R 

B0l1 H / 10IaHTHC&.1MMeTpIo14HoH MOA HellHHeHHblx nos e px HocTHbiX 
B AaHHOH pa60Te Mbi HCCl1eAye M S-nOllflpH30BaHHble CHl1bHO Hel1&.1

HeHH~e nOBepXHOCTH~e n011RpHTOHbI a CHMMeTpH4HOH CflOHCTOH CTPYK

Type , COCTOR~eH 1.13 Hel1HHeHHOH cpeAbI , xapaKTep&.13yeMoH AH3I1eKTp H

4eCK&.1M TeH30poM i21 B 06JlacTI.1 I ( - ... < z < - H B 0611acn'l III4-) 
(: < Z < 00 ), A&.13IleKTp&.14 e CKOH n11eHKH TO.nt.Q,HHOH d, x apaKTe pH3ye 

MOH AH311e KT p&.14eCKOH KOHc TaHToH {I B 06l1aC TH II ( - : <z < ~ ). 

YAo6H O aanHcaTb HeHC4e3a~""e KOMnOHeHTbl EH H B BHAe 

E 2 ~ &2(z)exp( - i w t + ikx), /3/ 

H I ,3- J{1,3(z)exp(-iwt + ikx), 

YpaSHeHHR MaKcBe1111a HMe~T BHA: 
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6YAe M I<1CKaTb peweHHR , KOTop ble 1l0Ka11H 30BaHbI 86111<131.1 noaepxHocTe H 
nJleHKH &.1 y6b1Sa1OT Ha 6eCKOHe4HOCTH (lz I .... 00 ), PeWe Hl-tA 15/ - /71 
B CIlY4ae CHMMeTpH4HOH MOAbl (8) H a > 0 /caMO$ OKYC HPYlOlllaR cpeAal 
~MeIOT Bi-IA: 
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&1,111 -I
(z) • .£. qfi ICh [ q( z ±zO)JI , / 11/2 (u a 

d &2
H3 rpaH~~Hblx YCJlOS&.1 H AIlR TE BOJlH / &2 &.1 (iZ HenpepblBHbl 

BAOllb nOBepxHoc Te~ z • - JL "" z _ ~ I I<1MeeM C l1eAy~"" e AHCnepC&.1 0H
2 2 

Hble COOTHoweHHR: 
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~ 2 
d q sh[2 q ( ~ - "0 1) P - ~ n f G;2 ( zl dz. /20/ 

tg( k 2 2" ) - k - ---"----'--- n <n 1 /13/ 
8. _ 

2 Cb [ 2Q(: _ ZOl) + v - 1O 

Hcnonb3YA ypaBHeH"A /16/ • /17/. nonY""M n OTOK 3HeprHH An A 
CHnbHQ HenHHe~H~X CHMMeTpH~H~X MOA .np" f3~ 0 / v =1/ "MeeM/9/ , 


npH n > n 1
I 
d q d )th(k 1-1---th[q(-- Zo) . n > nI ' /14/ C 2 d sh(k ,d) )+P--n I A1 [- +I
2 k 1 2 8. 2 2k , 

/21 / 

tg(k 2 i. 1 - .9.. tb [ q (~ - "0 11. n < n 1 / 15/
2 k 2 2 

+ (L)(,S, qr _1__1__ [ln. _ In (1+[.; +Ji=; u, 1 J 1 
v 

a w 2q ~ (I+w- J1-vu )
C nOM~b~ ypaBHeH~M /12/ " /13/ MO*HO on pe AenHTb aMnnHTYA~ l
 

A 1 " A 2 B /9/: rAe 


1+i -;;+ v1-v(.i.l(~ q) 2 'v - v S 1. 
2 a w (1-, 1~ l+\/;- J l-vA,_ n > n 1 • /1 6/ 
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2 ( .i.l( £..q)
 / 17/A a w (I-'!l 
2- D < n 1 


cos2ckz i.l 11+ ['i + (v Hi)(I- ';))IO\' npH n < n 1 . 
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rAe C 2[ d sin (k2 ~) +P--nIA 2 -+ 
B. 2 2k~ 

k k2 d
'I - ...!. th (k i. 1 '2-- tg (k 2-1q 12' q 2 . +(~l(~ql-I- 1 [Ina -In (I +J-;;+~21 /22/ 

a (oJ 2q JI v 1I . 
-v ( I +Jv - JI-v u Zl 

/ 9/np" f3=0 / v=l/ "3 /16/-/17/ "MeeM . rAe 

2 C 2 d -~ I I -, 10-1(-)( - ~ 2 Uz-th[q(--zol)=(I+ v 'll~+[ - + (v -11) \.A~ _ a w (1-'1), n> nJ . /18/ 2 r2 rl )

Ch2 (k 1~ ) 

np" f3=0 / v = 1/ <l>opMynbl /21/ H /22/ AalOT nOTO" 3HeprHH 5
(~)(~ q) 2 nonRpH30BaHH~X HenHHeHH~X nOBepXHOCTH~X 9 0nH, paCCMOTpeHH~X

2 a w 2 

A 2- (1-' 21. n < n 1 . /19/ B /9/ , 


2 d
cos (k 2 '2) 
P = C (Ll(~~2YcpeAHeHH~~ eo BpeMeH~ nOTOK 3Hepr~H B x-Hanpa eneHHH Ha eAH (l_'Z)[i. + sh(kld) )+(.a.l(£.. q{l.(I+" lg; n ! a w 1 2 2k 1 a w 2q /23/HH4Y AnHH~ 8 Y-HanpaeneHHH Mo*eT 6~Tb B~pa*eH cneAY~HM o6pa
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,
(.1.)(.£) q) 

a wP __C n 1 --, d ( I-, ' )[ ..£. + sin(k , d) ]+( ~)(--"-q)'2.(1-' l l 
, 2 2k , a w 2q ,

8 " co s (k:! T) 
/2 4/ 

np", n < 0 1' 

B Cn Y4ae a HH1CHMMeT pH~ HbIX MQA ( AS) 3 neKTpH 4ecKoe non e 8 11 101 
He HHo '::' c peAe n Aa e Tc A COOTH owe HIo1RMH 

BI sh(k 1 z ), n > o} , /25/ 
& , II ( z) _ 

{ 

B , sio (k , z ), n < n 1 . 


~3 rpaHH4H~X YCIlOBH '" c neAye T: 

C lb ( k l~) __ .!L sh [2q(1- - zo )] /26/n ') n 1 • 
2 k , 


cb 12q( ~ - Zo ) ] + v - II 


CIg (k , .!! ) q sb [2q(..£. - z )] 
2 --I{2 2 0 • n < n 

/27 /ch[ 2Q( .!! - 'o )]+ V _I~ ' ' 
2 

np" (3 =O / v = 1/ "MeeM/9 / , 

d q d ) ] /28/
Ctb (k1"2) --T,th[ q(2 - z0 ' o > 01 ' 


d q d ]
cIg(k, -)--- lb[ q ( --zO), o < n l' / 29/ 
2 k , 2 

~ C nOJlb3YB /26 / " / 27/ , Ha XOA"M aMnIl " TYAbl B, " 8, B /25/: 

(.i.)(.£q) , ,, (1-1 1)a WB,_ /3 0/n ') fit 
, d 11 + [ ": + (v +I ;x 1- t i) ]II I 

2 
sh (k , _ ) 

,

(.!)(.£q) ' 

8 2 (1- "2 ) 
2· a W n < nl . /31/ 

Sin2(k2 ~) 1 1 +[I:+ ( v+l~l( l- t; )] "' 1 
rAe 

k, d k , 
" ,_ q cth(k ,2' l. I , - q cIg (k z ~ ), 
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np" {3= O / v =1/ "Mee,/ 9/, 

(~ )(5.. q ) ' , 

BI2 _ 
 a W (1 -1 , ). n > n 1 • /32/ 

, d 

sh (k' T ) 


, (3..)(.£ q)' ,
B,_ a W (I-I,). n < n 1 . 

/ 33/ 

8in ' (k, ~) 

HecnO*H~H paC4eT npHBOAH T K cneAY~~HM $ opMynaM AnA nOTO Ka 
3HeprH~ . 

np'" n '> n 1 : 

c 2 d Sh(~~~ J +P-- n IB)I--+
8" 2 2kl 

+ (~X.£ q)' _1_ lIn ' v - In (I + JV + J~ VI)] I. /3 4/ 
a W 2q JI - v (1 + w- JI- v v,


rAe 


)] ( -\\ I 1 [ 1 -, ... - ,[ ( d _-I+v -) ..... + -+(v -1l ]I ,v,-"hq--,u 
2 "1 I', 

B C1lY4ae 1\ < n J 

P _ ..£... n 1B~ I~ Sin(k,d)] 
811 - 2 2k2 -to 

/35/ 

(I + J;; + JI - VV2)8 c' I _:~1 1_l1nal/_ In 11.+ l-l(-q 2'1 ~ /I {oJ (I+;;'-"/I- v v,) 

rAe 

d _1,(, 1 1 _ I 'A.:-t 
v ,, ... llllq(,-'u1\--{ I +v -)I - +[-.+(v - ])]!.

.! t2 fi 

npl-1/i=o / r" =- 1 / ypno l",eHIo1 R /34/ YI /35/ npYlBOART K pe3ynbTaTaM 
pa60Tbi / 9/ . 
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2 c 2 
(-)(-q) 2 d sh(k1d) 1 + p - ~ n I a w (1-t I)[--+ 

8 " sh 2(k 1..!!.) 2 2k 1 
2 /36/ 

8 c 2 1 
+ (-)(- q) -(1 + t1) l 

a w 2q 

np~-1 n > n 1 , 

P- ..£_nl 
c!.)c~q) 2 

2 d sin(k2d) a w (1-t2)[-- 1 + 
817 2 d 2 2k 2 

sin (k 2-) 
2 137/ 

(8 c 2 1 + -)(- q) -(l+t2 ), 
a w 2q 

npH n <n1 

3aeHCI-1MOCTb noToKa 3Hepr!-11-1 e eonHe, pacnpocTpaHR~~e~cR e 
nneHKe, OT nocTORHHO~ pacnpocTpaHeHI-!R n ~-!MeeT N -o6pa3Hbl~ BI-IA 

AllR HeKoTopblx 3Ha4eHI-1~ 6espasMepHoro napaMeTpa a. ~ . 3To npi-1-

BOAI-IT K 61-!CTa61-!JlbHbiM COCTORHI-IRM S-nonRpi-130BaHHbiX CI1JlbHO He-
111-!He~HbiX noeepxHOCTHbiX nollRPI-ITOHOB. KoHKpeTHble 3Ha4eHI-!R n KaK 
$YHK~1111 OT nOTOKa 3Heprl-11-1 P , nony4e HHble pac4eTaMI-1 Ha 3BM , a 
TaK~e rpa$1-!KI-1 nOBeAeHI-!R CI-1MMeTpi14HbiX 1-1 aHTI1CI-1MMeTpi-14HbiX MOA 
6YAYT npi-!BeAeHbl B APYrO~ 3aMeTKe. 
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PyKon i-!C b nocTyn1-111a e I-13AaTeJlb CKI-1~ OTAen 
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a 

HHxanaKe ~ .• ~AAHHH B.K. 
CHnbHO HenHHeHHWe s-nonAPH3oaaHHwe noaepxHOCTHWe nonAPHTOHW 
a CHMMeTpH~HWX CnoHCTWX CTPYKTypax 

P17-83-36 

HaHAeHw TO~Hwe peweHHA ypaaHeHHH HaKcaenna, KOTopwe oTae~aoT s-nonAPH3o
aaHHWM CHnbHO HenHHeHHWM noaepXHOCTHWM nonApHTOHaM a CHMMeTpH~HOH cnOHCTOH 
CTPYKType, COCTO~eH H3 cnoA TO~HHOH d C AH3neKTpH~eCKOH npoHH~aeMOCTbO 
ll, rpaHH~a~eH C Aayx CTOpoH C HenHHeHHOH cpeAOH, xapaKTepHayeMOH AHaro

HanbHWM AH3neKTpH~eCKHM TeH30POM l 11 • l 2:z- l.a. +a ( 1 E 1J2+ JE 
2

J2)+ ,S(JE 1J4 + JE 2J4l. 
*a3•l• · nony~eHw TaK*e aHanHTH~eCKHe ~pMynw AnA noToKa 3HeprHH, nepeHocH
MOro noaepXHOCTHWMH aonHaMH a 3aaHCHMOCTH OT OOCTOAHHOH pacnpOCTpaHeHHA. 

Pa6oTa awnonHeHa a na6opaTOPHH TeopeTH~ecKOH $H3HKH OHRH. 

C~eHHe ~eAHHeHHOro HHCTHTyTa AAeDHwx HccneAoeaHHM. AY6Ha 1983 

Hihalache 0., Fedyanin V.K. P17-83-36 
Strongly Nonlinear a-Polarized Surface Polaritons in Symmetric 
Layered Structures 

An exact solution of Maxwell's equations is found which describes the 
propagation of a-polarized strongly nonlinear surface polaritons in a 
symmetric layered structure consisting of a layer of thickness d with 
a dielectric constant lJ. bounding at two sides a nonlinear medium charac
terized by the diagonal dielectric tensor ltl • l 22 •l.a. + a(JE J1 2+ JE 2 J 2 )+ 
+ ,S(JEtJ

4 
+ JE2J

4
L l33 • l 1 • The dependence of the power flow carried in 

the surface waves on the propagation constant has also been exactly cal
culated. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 

Communication of the Joint Inst i tute for Nuclear Research. Dubna 1983 
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